Abstract-With the growing awareness on the environmental impact of coal-burning, conventional Pulverized Coal-fired (PC) boilers are increasingly being replaced with Circulating Fluidized Bed (CFB) boilers. This shift in technology however, has brought about a new environmental impact -its generation of tons of fly ash that has yet to find utilization. About 7.2 metric tons per year of fly ash is expected to be generated upon completion of the CFB boilers being installed in the country. CFB fly ash, unlike PC fly ash, cannot be directly utilized by the cement and petroleum refining industries due to its unsuitable chemical and physical properties. In order to put value to CFB fly ash, the researchers transformed CFB fly ash into zeolitic materials through fusion with NaOH at elevated temperatures.
I. INTRODUCTION
Burning coal generates about 74% fly ash [1] . This huge generation of fly ash poses a disposal problem. There have been studies which exploit the composition of this waste material to form valuable products. Coal fly ash is a good source of silica and alumina, about 40-55% of fly ash is silica (SiO 2 ) and about 20-25% is alumina (Al 2 O 3 ). As is, fly ash does not exhibit good catalytic properties, attributed to its very low specific surface area with around 1.4 m 2 /g [2] . However, the silicon and aluminum content of fly ash can be used and transformed into something more valuable. Fly ash derived from pulverized coal fired boilers has been utilized as cement substitute or concrete additives. In the Philippines, conventional pulverized coal-fired (PC) boilers are being replaced with cleaner Circulating Fluidized Bed Manuscript received March 25, 2016, revised August 5, 2016 . This work was supported in part by the Unilever Undergraduate Research Grant from the Unilever Philippines and was done at the Fuels, Energy and Thermal Systems Laboratory of the Department of Chemical Engineering, College of Engineering, University of the Philippines, Diliman, Quezon City, MM 1101 PHILIPPINES.
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(CFB) boilers for power and steam generation. CFB's main advantages over previous technologies include fuel flexibility and multi-fuel firing capability. CFB generates fewer 1 sulfur oxides (SOx) and nitrogen oxides (NOx) emissions but still produces fly ash. Because of increasing number of CFBs, CFB fly ash generation is also increasing. This huge amount of waste generation faces a great challenge for the Philippines on where and how to dispose these materials. CFB fly ash, unlike regular coal-fired burner fly ash, cannot be directly utilized by cement industries as additives for cement and road blocking due to their high sulfur content and unsuitable morphology. A total estimate of 7.2M TPY of fly ash is to be generated after the completion of CFB boilers being installed in the Philippines.
Zeolites are microporous materials, primarily used as molecular sieves, ion exchange media, adsorbent and catalyst [3] . They naturally occur in the reaction of volcanic rocks and ash layers with groundwater. Guth and Kessler [4] technically defined zeolites as crystalline solids having a tetrahedral framework composed of TO 4 elements (T = Si, Al). Each of the oxygen elements in this framework are shared by two T elements. In the framework also exists cavities and channels in which charge-compensating ions or other molecules are hosted and can be exchanged. The interiors of the zeolite pores are catalytically active [3] . The general formula for zeolite is described by M Since zeolite is a crystalline structure, its synthesis in the laboratory follows the principles of crystallogenesis. The first step in crystal formation is nucleation. This happens when the free energy decrease of creating a new volume exceeds that of the increase in making a new interface. There is a critical radius which, when exceeded, the nucleus will favor growth rather than dissolution. The degree of supersaturation inversely affects the said critical radius. The second step is crystal growth. A newly formed nucleus keeps growing until it reaches thermodynamic equilibrium with the solution. [4] listed three (3) main constituents involved in the synthesis system: source of framework elements, the template, and the mineralizer. For the first constituent, the Silicon and Aluminum will be sourced from the Si and Al content of CFB fly ash, in the form of SiO 2 and Al 2 O 3 .
The mechanism of zeolite synthesis starts when the T-elements are dissolved together in high concentrations. The high concentrations of these anions, however do not promote crystal growth. Nuclei radii are too small for further development. Ostwald's rule dictates then the formation of metastable gel in the solution, lowering the concentrations of aluminosilicate species in solution and the degree of supersaturation. This gel has enough solubility to provide supersaturation suitable for crystal formation. As soon as the degree of supersaturation of the solution is suitable, zeolites may begin to crystallize. The soluble T-elements bind to the crystal zeolite framework and they are replaced by T-elements detaching from the gel by dissolution. The gel becomes the reservoir of the framework elements until its disappearance.
Much of the reviewed literature investigated as part of the work described the synthesis of zeolitic materials from regular pulverized coal fly ashes. [8] .
Experimental factors include solvent, source of T elements, mineralizer, templates, reaction mixture composition, reactant preparation, aging time, seeding, nature of reactor, crystallization temperature, pressure, agitation, and heating rate [4] .
This study performed the synthesis and characterization of zeolitic material from Circulating Fluidized Bed fly ash obtained from burning co-fired Semirara and Indonesian coals; and tested the synthesized product for application as a detergent zeolite particularly as a potential surfactant carrier in laundry detergents as indicated by its liquid-carrying capacity.
II. MATERIALS AND METHODS

A. Materials
The study used the CFB fly ash from a coal mix of Semirara and Indonesian coal. This fly ash is available in the chemical engineering laboratory. Hydrochloric acid (B.E. Scientific) was used for the pre-treatment to remove metal impurities and increase silicon and aluminum ratio. The synthesis experiment used sodium hydroxide pellets (B.E. Scientific) for the fusion of fly ash. Distilled water was used as solvent.
Glass beakers (250 ml) were used for all mixing and dissolution activities. Stainless steel containers were used as holder for the reagents for the fusion reaction inside the muffle furnace. Hot plate with magnetic stirrer along with medium sized spin bar were used for NaOH dispersal and aging. The gravity convection oven was used for crystallization.
B. Design of Experiment
A 3-level and 2-factor experimental design was chosen. Factors held constant were solvent (water), T-element source (CFB fly ash), mineralizer and template (NaOH), fusion temperature (823 K), aging time (18 hours) and crystallization temperature (363 K). The concentration and NaOH/fly ash ratio will be varied according to Table I . 
C. Synthesis
Prior to all steps, the fly ash obtained as is was first screened using Tyler Mesh sizes 30, 100, and 120. The oversize from Tyler-100 was kept and was used all throughout.
Ten (10) grams of raw fly ash was refluxed with HCl for one (1) hour. The refluxed fly ash was then filtered and dried. This was done in order to enhance stability of the framework and reduce metal contaminants by dissolution into ions [9] .
The refluxed fly ash was mixed with NaOH and was boiled off until the sludge was dry. Dispersion ensures uniform concentration of NaOH in the fly ash and promotes good contact of reactants that would otherwise hinder the fusion reaction due to mass transfer limitations.
The sludge was then transferred into a stainless steel container and heated in a muffle furnace at 550°C for 1 hour. The fused solids were then crushed into powder and dissolved in 100 mL water. The slurry was mixed at 300 rpm for 18 hours [10] . The slurry was filtered and the filtrate was kept at 90°C without disturbance [9] . The crystals formed were filtered, washed and dried.
D. Characterization and Testing
For the liquid-carrying capacity test, five (5) grams of the crystallized product was accurately weighed in a 50 mL beaker. Distilled water was added dropwise using a burette while stirring continuously with a glass rod. This was done until the entire mass agglomerated into a dough [11] .
III. RESULTS AND DISCUSSION
A. Synthesis
Results from various testing show transformation of fly ash into zeolites. Fig. 1 shows the FTIR spectra of the fly ash, Applications, Vol. 7, No. 6, December 2016 synthesized zeolite, and commercial zeolites. In general, the IR spectrum can be split into two groups of vibrations: (i) internal vibrations of framework TO 4 units, which are insensitive to the structural vibrations; and (ii) vibrations related to the external linkage of the TO 4 units in the structures [10] . Frequency regions common to all zeolites are summarized in Table II . Clearly, the FTIR results suggest the transformation of fly ash into zeolitic materials. Referring to Table II, the synthesized zeolite exhibited asymmetric stretching evident in the sharp 1000 cm -1 peak. The broad band on the fly ash spectrograph near this region intensified and formed the said peak exhibited by the synthesized material. This peak is also associated with Si-O-Si and Al-O-Al tetrahedral bonding vibrations that are present in all three materials with increasing intensities [12] . Another intense band characteristic of zeolites is the bending mode of T-O at 430-500 cm -1 . This however, was not exhibited by the synthesized fly ash zeolite. SEM analysis is a powerful tool for observing the physical characteristics and changes in the materials. Fig. 2, Fig. 3 and Fig. 4 show the images produced by the analysis. The non-uniform shape and particle size of CFB fly ash is one of its distinguishing characteristics from that of a fly ash from PC boilers. The angular nature of these particles is attributed to the minerals present in fly ash as well as the significantly lower temperatures experienced by particles in the CFB boilers. Upon synthesis treatment, there is evident transformation into more uniform particles in terms of size and shape, particularly into a more rounded form. 5 shows the synthesized and commercial zeolites at 5000x magnification. The images show that the characteristic octahedral crystal structure, as seen from the commercial zeolites, is not well formed in the synthesized zeolites. Particle sizes of the synthesized zeolites are also much larger compared to the commercial zeolites. The neat and flat face of each octahedral particle in the commercial zeolites is noticeably different from the coarse particles of the synthesized zeolites. This indicates that the component T-elements of the zeolites, albeit present in the system, did not crystallize well as expected. Fig. 6 shows the XRD patterns of the raw fly ash and the synthesized zeolites. The synthesis treatment produced changes in material phases. The sharp peak at around 2 theta of 26 is representative of the quartz phase. The XRD patterns shown by Fig. 7 supports what is observed in the SEM analysis. Sharp diffraction peaks expected from zeolites were not present in the synthesized zeolites. The synthesized zeolites exhibited amorphous phase as opposed to crystalline phase. This is shown by the broad and wave-like shape that is present in the XRD pattern. Applications, Vol. 7, No. 6, December 2016 The metastable gel phase was not readily observed in the solution, supporting the deprivation of free T-element components in solution insufficient for supersaturation. 
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B. Liquid-Carrying Capacity
The next figure, Fig. 8 , shows the results of the performance testing conducted on the synthesized samples. As can be seen, five synthesized zeolite samples perform better than the commercial zeolites in terms of liquid carrying capacity. High liquid carrying capacity suggests high absorbance of surfactants when added to the laundry detergents. Surfactants are the main components in the detergents that remove dirt present in clothes. This may indicate better performance as detergent additive. Analysis also shows that the concentration of HCl used in fly ash pre-treatment does not affect the performance of the synthesized zeolites as potential surfactant carriers. 
IV. CONCLUSION AND RECOMMENDATIONS
In line with the objectives of the study, the CFB fly ash from the coal mix of Semirara and Indonesian coals can be transformed into materials that are precursors to zeolites.
The method employed in the study suggests that it was successful in terms of product transformation. Certain impurities present in the sample may have interfered in the crystallization step, suppressing the formation of highly crystalline zeolitic materials. In terms of liquid carrying capacity, five out of the six samples of synthesized zeolites performed better than the commercial zeolite which indicates potential applicability to industry use.
The method employed successfully transformed fly ash into elements that are precursors to zeolites. FTIR Spectra has shown a match in wave numbers for commercial and synthesized zeolites.
The atomic arrangement of these elements, however, deviates from that of a zeolite, evident from particle shapes revealed by SEM analysis. The crystallinity of the synthesized zeolites also does not match that of the commercial zeolites based on XRD analysis.
HCl pretreatment does not affect the liquid carrying capacity. Fly ash to NaOH ratio however affects the liquid carrying capacity inversely. The liquid carrying capacity of Sample 6 (0M/1:1.3) has the closest value to the commercial zeolites, but Sample 5 (5M/1:1.1) has the largest liquid carrying capacity value, almost 3 times that of the commercial zeolites.
It is recommended to subject the sample to Atomic Absorption Spectroscopy analysis to determine the possible metal contaminants. Consider the use of hydrothermal crystallization in an autoclave. It is recommended to use a nickel crucible instead of stainless steel to mitigate suspected contamination evident from color differences in samples during aging. Washing of refluxed fly ash with distilled water until the supernatant is clear and colorless is also recommended before proceeding to further steps to assure removal of recontamination from adhering solution. The use of Teflon beaker or container for crystallization is highly recommended to eliminate the interference of scratches and coarse surface of glass material in nucleation. Further performance tests on the material as synthesized are needed to confirm performance as a detergent zeolite.
